Six halo-acidophilic archaeal strains were isolated from four commercial salt samples obtained from seawater in the Philippines, Indonesia (Bali) and Japan (Okinawa) on agar plates at pH 4.5. Cells of the six strains were pleomorphic, and stained Gram-negative. Two strains were pink-red pigmented, while four other strains were orange-pink pigmented. Strain MH1-16-3
acidiphilum MH1-52-1 T and H. salinum MH1-34-1 T were both 43 and 45 % (reciprocally), respectively. Based on the phenotypic, genotypic and phylogenetic analyses, it is proposed that the six isolates represent a novel species of the genus Halarchaeum, for which the name Halarchaeum rubridurum sp. nov. is proposed. The type strain is MH1-16-3 T (5JCM 16108
Members of the family Halobacteriaceae (Oren, 2012) are, at the time of writing, accommodated in 138 species of 40 genera. Most strains grow at neutral to slightly alkaline pH, or in media of pH 8.5-11.0. Minegishi et al. (2008) showed that moderately acidophilic haloarchaeal strains could be isolated from solar salt samples, and that most strains grew at a pH range of 4.5-6.0. The most acidophilic of these strains, MH1-52-1, was classified later as representing a novel species of a new genus, Halarchaeum acidiphilum (Minegishi et al., 2010) . In a previous study, we repeated the isolation of acidophilic haloarchaeal strains using the same medium used by Minegishi et al. (2008) , and proposed a second species of the genus, Halarchaeum salinum, based on three strains (Yamauchi et al., 2013) . In the present study, we report the phenotypic and phylogenetic characterization of six halo-acidophilic strains, MH1-16-3 T , , and propose to classify them as representing a novel species of the genus Halarchaeum.
Commercial salt samples (0.3 g each) were dissolved in 1 ml sterile 5 % NaCl solution, and one drop each was (Minegishi et al., 2010) . The medium was autoclaved for 20 min at 121 u C. After incubation for 2-4 weeks at 37 u C, colonies were picked up and transferred to new plates. Strains were purified by repeated streaking. Six strains selected for further study were MH1-16-3 T , Phenotypic tests were performed according to Minegishi et al. (2010) and Oren et al. (1997) . The analyses were conducted using liquid or solidified MH1 medium at 37 u C. Colony morphology was observed on agar medium. Gram-staining was performed according to Dussault (1955) . Cell morphology and motility were examined using a phase-contrast microscope (BX53F; Olympus). Cells of the six strains were non-motile and pleomorphic, approximately 1.0-2.0 mm in diameter. The cells stained Gram-negative. Colonies were hard to pick up with a transfer needle or loop. Strains T and MH1-242-1 were pink to red pigmented, while the four other strains were orange to pink pigmented. Strain T was able to grow at 9-30 % (w/v) NaCl (optimum, 18 %, w/v), at pH 4.5-6.8 (optimum, pH 5.5) and at 20-50 u C (optimum, 42 u C). The range and optimum of the five other strains differed slightly from each other as described in Table S1 available in IJSEM Online. The six strains required at least 1 mM Mg 2+ for growth. Cells of all strains lysed in distilled water.
Tests for catalase and oxidase activities and for the hydrolysis of starch, gelatin, casein and Tween 80 were performed as described by Gonzalez et al. (1978) . Reduction of nitrate was detected by using sulfanilic acid and a-naphthylamine reagent (Smibert & Krieg, 1994) . H 2 S formation was determined based on black sulfide precipitate in the medium containing 0.5 % (w/v) sodium subsulfite. Indole production from tryptophan and the utilization of sugars and organic acids were assessed as described by Oren et al. (1997) . The six strains did not hydrolyse starch, gelatin, Tween 80 or casein. Strain MH1-16-4 hydrolysed urea whereas the others did not. Strains MH1-242-1 and MH1-243-4 were catalase-positive. None of the strains produced indole from tryptophan or H 2 S from thiosulfate. Utilization of carbon sources for growth was determined in a modified MH1 liquid medium: yeast extract, L-glutamic acid and trisodium citrate were omitted, Casamino acids was reduced to 1 g l 21 and 0.5 % carbon source was added. Sensitivity to antimicrobial agents was determined by using BD SensiDiscs (Becton Dickinson) or by the method of Gutiérrez et al. (2008) on MH1 agar plates. All phenotypic data of the six strains, as well as those of H. acidiphilum and three strains of H. salinum determined previously, were summarized into a table, which is beyond the size suitable for display as supplementary material. The table was reduced to a reasonable size (Table S2 ) by displaying the data either as + (positive in all strains) or 2 (negative in all strains). Any characteristics showing variable results were omitted. Polar lipids were extracted from the cells with chloroform/ methanol and developed on silica gel plates as described by Kamekura (1993) . The major polar lipids of the six novel strains were C 20 C 20 and C 20 C 25 archaeol derivatives of phosphatidylglycerol phosphate methyl ester (PGP-Me), as judged from two spots as in the case of H. acidiphilum and H. salinum. The six strains also contained at least four glycolipids that have yet to be identified. Two spots that ran slightly faster than sulfated triglycosyl diether-1 (S-TGD-1) were also detected in H. acidiphilum but not in H. salinum. Two glycolipids that showed higher R f values than PGP-Me were also detected in H. salinum but not in H. acidiphilum (Fig. S1 ). These data suggested that the six strains were differentiated from the two recognized species of the genus Halarchaeum.
Total DNA was extracted according to the method of Cline et al. (1989) . The 16S rRNA genes were amplified using a primer set (pyrD-23S rRNA) and sequenced as described previously (Minegishi et al., 2012) , and relevant sequences retrieved from the DNA Data Bank of Japan (Miyazaki et al., 2003; Pearson & Lipman, 1988) were aligned using CLUSTAL X 2.0.12 (Larkin et al., 2007) . A phylogenetic tree was reconstructed by the neighbour-joining (NJ) method (Saitou & Nei, 1987) and was evaluated by bootstrap sampling, expressed as percentages of 1000 replicates (Felsenstein, 1985) . A maximum-likelihood (ML) analysis was performed with RAxML 7.0.4 using GTR+C model (Stamatakis et al., 2005) , and support values were obtained by bootstrapping (1000 replicates) using CONSENSE in PHYLIP (Felsenstein, 2002) . 16S rRNA gene sequence similarities amongst the six novel strains were 99.9 % (1-2 nt difference) to 100 %. The most closely related recognized species were H. acidiphilum MH1-52-1 T (AB371717.2, 97.7 % similarity with MH1-16-3 T ) and H. salinum MH1-34-1 T (AB372514.2, 97.7 % similarity with MH1-16-3 T ). The phylogenetic position was also confirmed in trees generated using the NJ and ML algorithms ( Fig. 1 and Fig.  S2 ). The results suggested that the six strains might represent a novel species in the genus Halarchaeum.
To confirm that the six strains differed from H. acidiphilum and H. salinum, levels of DNA-DNA relatedness were assessed by using the fluorometric method of Ezaki et al. (1989 (Tamaoka & Komagata, 1984) . These data again suggested that the six strains were differentiated from the two recognized species.
The six strains that were suggested to be classified within the same species, however, showed considerable differences in phenotypic characteristics, particularly in the utilization of single carbon sources and sensitivity to antimicrobial agents (Table S1 ). The six strains as one cluster, however, differed significantly from the three strains of H. salinum as one cluster and H. acidiphilum. In Table S1 , ten characteristics were common to the six strains and H. acidiphilum (shaded in orange), while 15 were common to H. acidiphilum and three strains of H. salinum (shaded in grey). Table 1 summarizes characteristics that differentiated the six novel strains from H. acidiphilum and H. salinum. These phenotypic characteristics as well as phylogenetic data indicated that the six strains represent a novel species within the genus Halarchaeum, for which the name Halarchaeum rubridurum sp. nov. is proposed.
Description of Halarchaeum rubridurum sp. nov.
Halarchaeum rubridurum (ru.bri.du9rum. L. adj. ruber red; -i connecting vowel, L. adj. durus hard, tough; M.L. adj. rubridurum red-hard). amongst strains (Table S1 ). 
